Background. The use of new imaging techniques has contributed significantly to earlier diagnosis and treatment of cardiac tumors.
It is still difficult to estimate the incidence of cardiac tumors in the pediatric population. [1] [2] [3] Most heart tumors are benign, and rhabdomyoma is the most common of them. 1, 2 Malignant and metastatic tumors have been described, but they are rare. Cardiac tumors are mainly manifested by murmurs, arrhythmias, cyanosis, respiratory distress, hemopericardium or exudative pericarditis and heart failure. 1, 2 The use of new imaging techniques has contributed significantly to earlier diagnosis and treatment. [1] [2] [3] The aim of this study was to analyze data from children with cardiac tumors in terms of the clinical presentation, the role of noninvasive diagnostic procedures and the long-term outcome.
Material and methods
The data analyzed retrospectively concerned 30 children in whom cardiac tumors were diagnosed from January 1995 to July 2015 (Table 1) at the authors' clinic. The cardiac evaluation included a review of the subjects' medical records and medical history, a physical examination, standard 12-lead electrocardiography, echocardiography and 24-h Holter ECG monitoring at the time of diagnosis and at 6-12 month intervals during the follow-up period. As there is no uniform heart failure functional classification for children, the present authors decided to use the Ross classification (or a modification thereof ) for children below 14 years of age and the New York Heart Association (NYHA) functional classification for children aged 14 or over.
From 1995 to 2005, echocardiography was the only noninvasive imaging tool available at the clinic. Since 2005 cardiac computed tomography (CT) has also been available, since 2010 magnetic resonance imaging (MRI) as well.
Because of the great progress in prenatal diagnosis, since 2007 it has been possible to diagnose children with a positive family history of tuberous sclerosis (TSC) prenatally. At the authors' center, all children with TSC undergo a noninvasive cardiac investigation. The required medical and/or cardiosurgical management and outcomes were noted for all the children in the present study.
Results
The baseline characteristics of the study group are presented in Table 1 . There were 30 children, 17 females (57%) and 13 males (43%). Their ages ranged from 1 day to 16 years (median: 44 days) at the time of diagnosis. Table 2 shows the patients' clinical presentation at the time the cardiac tumors were diagnosed. A positive family history of TSC was present in 3 cases (10%), and in all of them the diagnosis of TSC was made prenatally and confirmed postnatally.
Five neonates (17%) were diagnosed immediately postpartum -3 were referred due to the presence of a heart murmur and 2 because of an irregular heart rate.
In 3 other cases (10%), respiratory distress and heart failure with low cardiac output were the reasons for the cardiac consultation.
Other signs of cardiac tumors in the study group were heart murmurs in 15 cases (50%) and various forms of arrhythmia in 7 cases (23%). There were 5 children (17%) who did not manifest any cardiac symptoms. They had already undergone a cardiac investigation due to a clinical picture of tuberous sclerosis in 3, for a sport eligibility qualification in 1, and because of the prolongation of an upper respiratory tract infection in 1.
Electrocardiograms and 24-h Holter ECG monitoring showed abnormalities and a variety of arrhythmias in 7 children at the time of diagnosis. Nonspecific ST-T changes were present in 3 cases and aberrant intraventricular conduction in 2 cases. Coexisting right and left ventricular hypertrophy and right atrial enlargement were noted in 3 other cases. Tachycardia was discovered in 3 cases and bradycardia in 2 others (in 1 case with a prolonged PR interval). Six children had more than 1 abnormality at the time of diagnosis. n -number of children; TSC -tuberous sclerosis. Family history of TSC, n (%) 3 (10%)
Heart failure, n (%) 3 (10%)
Heart murmur, n (%) 15 (50%)
Arrhythmias and conduction abnormalities, n (%) 7 (23%)
No cardiac symptoms, n (%) 5 (17%) n -number of children; TSC -tuberous sclerosis.
Images
Echocardiography was the primary imaging method used in all patients (Figs. 1-4). Rhabdomyoma (Figs. 1a, 1c, 1e, 1f ) was diagnosed in 22 cases; in 16 of them tuberous sclerosis was confirmed during the follow-up period. All 16 patients who had confirmed TSC showed multiple rhabdomyomas on echocardiography. The size of the tumors ranged from 4 mm to 3 cm.
Recently, computed tomography scanning and magnetic resonance imaging have been carried out in selected cases. The indications for scanning were a suspicion of tumor infiltration (MRI in 2 cases -Figs. 2c-d), difficulties in determining the tumor morphology and its boundaries by echocardiography (MRI in 3 cases and CT in 3 others). In the remaining 8 cases, fibroma was the most likely diagnosis based on echo and MRI examinations (Figs. 2a-d, 3a-b). Three infants (10%) were severely hemodynamically compromised and required cardiac surgery. In 2 of them the left ventricle outflow tract was obstructed by the tumor, and in the third both left and right outflow tracts were obstructed by multiple rhabdomyomas. In these 3 cases subtotal tumor excision was performed. This enabled histological evaluations, which confirmed the presence of rhabdomyomas.
Three neonates and 1 other infant with various forms of arrhythmias (due to supraventricular re-entry tachycardia in 3 of them and focal atrial tachycardia in 1 case) were successfully treated for their symptoms with several antiarrhythmic drugs, applied according to standard guidelines.
Overall rhythm abnormalities were noted in 10 patients during the follow-up period: 2 had premature ventricular beats (Figs. 3c-f ), 3 had supraventricular premature beats, 1 had ectopic atrial tachycardia, 3 had supraventricular re-entry tachycardia (Fig. 1b) and 1 had first degree atrioventricular block (Fig. 1d) . The rest of the children had no documented arrhythmias. Table 4 presents the follow-up results. As of August 2015, 29 of the patients (97%) were alive. There was 1 noncardiac death: A patient with TSC and cardiac rhabdomyomas without the need for surgical intervention who died suddenly at home at the age of 7 years. The child was severely mentally handicapped; at the parents' request, no autopsy was conducted.
Follow-up results
At the last follow-up visit, 4 of the children were in functional class I according to the Ross classification (Fig. 4) . In the rest of the study group, there was no progression on echo or MRI visualization, and no further indication for cardiac surgery. During observation periods of up to 20 years, none of the patients required a reoperation. Cardiac pharmacotherapy was not required by 22 children in the study group (73%). TSC confirmation and neurological follow-up, n (%)
(55%)
VPB -ventricular premature beat; SVPB -supraventricular premature beat; AET -atrial ectopic tachycardia; AVRT -atrioventricular reentry tachycardia; AVB I -first degree atrioventricular block. 
Discussion

Tumor incidence
Primary cardiac tumors are found in approximately 1 in 10 000 (0.01%) of routine post-mortem examinations of patients of all ages. [4] [5] [6] [7] Simcha et al. found an incidence of 8/10 000 (0.08%) in infants and children. 8 Between 1950-1970 they diagnosed primary cardiac tumors in 8 children based on data from clinical symptoms, electrocardiography, angiocardiography and in only 2 cases were tumors found during the autopsy. Although cardiac tumors are uncommon, the number of cardiac lesions detected annually has increased significantly during recent decades, due to improved imaging techniques. 9 During the 20 years from 1995 to 2015 the present authors diagnosed 30 cases of cardiac tumors in children at the Medical University of Gdańsk Department of Pediatric Cardiology and Congenital Heart Defects.
Clinical presentation and required management
In the present study group, nonspecific heart murmurs (in 15 out of 30 children) and arrhythmias (in 7 out of 30 children) were the most frequent symptoms leading to cardiac consultations. This coincides with other authors' observations. 1,2,10,11 However, it should be emphasized that after birth, patients may not present obvious clinical findings, despite an extensive cardiac involvement. In cases of newborns and infants with large rhabdomyomas who are critically symptomatic, presenting respiratory distress and congestive heart failure, cardiac surgery is required. [12] [13] [14] In the present study group 3 infants (10%) required cardiac surgery due to severe hemodynamic disturbances. Thomas-de-Montprevillea et al. presented almost 20 years of surgical experience with 59 patients (both adults and children), and one of their conclusions was that "there is a group of heart tumors requiring surgery mainly because of the mass effect". 15 Burke and Virmani reviewed the literature concerning heart tumors in children, and with regards to rhabdomyomas they concluded: "Due to a natural history of spontaneous regression of rhabdomyomas many patients are followed without surgery. However, serious symptoms may precipitate the need for surgical resection". 10 As Moradian et al. wrote: "Sudden death has been attributed to arrhythmias in pediatric patients of all ages. These arrhythmias may be a result of either severe hemodynamic compromise or contiguous location of tumors to the conduction system" 16 ; another reported cause is ectopic tachyarrhythmia caused by a tumor. 12 In the literature, all common rhythm disturbances have been reported. 10, 13, [16] [17] [18] [19] In a review of 224 fetuses and neonates with cardiac tumors collected from the literature, Isaacs 16 and his conclusions were similar to the present authors' .
While it is well established that cardiac rhabdomyomas are often the only manifestation of TSC 2, 12, 13, 20 , it is difficult to estimate the true incidence of rhabdomyomas, as this tumor often regresses over time. The published data suggest that in 30% to 91% of cases, cardiac rhabdomyomas are associated with TSC. 2, 21 In a study by Beghetti et al. 41% of cardiac rhabdomyomas cases were associated with TSC 2 , in contrast to the data reported by Holley et al., who stated that the incidence was 91%. 21 Despite the considerable discrepancies in the frequency of coexisting rhabdomyiomas and TSC, both Beghetti et al. and Holley et al. emphasize that the seizures were a leading symptom of TSC. In tuberous sclerosis it is not the cardiac manifestations but rather the cerebral ones that are crucial to the prognosis. 13, 18 In the present study all the children with cardiac tumors underwent neurological consultations, and all the children with TSC have been under regular neurological supervision.
Diagnosis
Lately the diagnosis for most patients with cardiac tumors is established before they are one year old, or even prenatally. 12, 18 Verhaaren et al. reported 87 cases with a prenatal diagnosis of rhabdomyoma. 22 As Moradian et al. wrote: "Fetal cardiac rhabdomyomas, albeit rare, are the most common fetal cardiac tumors. More than 60% of prenatally detected cardiac tumors are rhabdomyomas, and these are often associated with tuberous sclerosis". 16 In most cases it is not easy to obtain a cardiac tumor biopsy, either by percutaneous or catheter biopsy; therefore, imaging plays a central role in the evaluation of cardiac tumors. 3, 23 The primary imaging modality is echocardiography, but in doubtful cases other imaging modalities are employed to enhance visualization. Other centers confirm that MRI is an important tool in the evaluation of cardiac neoplasms, helping to accurately predict the type of cardiac tumor and establish a treatment strategy. 3, 24, 25, 26 Data from the literature and the results of the present study show that most primary cardiac tumors that occur in children and young people are benign neoplasms. 1, 2, 27, 28, 29, 30 According to previous research, rhabdomyomas and fibromas are the most frequently occurring cardiac tumors in children. 1, 2 The present authors' long-term observations support this statement.
The clinical presentation of cardiac tumors, along with morphologic findings obtained from echocardiography with additional CT and MRI in selected cases, now gives enough information for the identification of different tumor types. The scope and need for future multicenter research in this field should be considered.
Spontaneous tumor regression
Beghetti et al. 2 reported partial or complete spontaneous regression in 54% of 44 analyzed patients. In the present study, spontaneous resolution of the tumor occurred in 12 out of 16 children with a confirmed diagnosis of tuberous sclerosis (75%) in a mean time of 4 years, based on repeated echo examinations. In the rest of the study group there was no progression on echo and/or MRI visualization, and no further indication for a cardiac surgery.
Conclusions
The symptomatology of cardiac tumors in children can vary greatly: from the absence of any symptoms to a heart failure and respiratory distress requiring surgical intervention. Due to the individual course of the disease, all patients, even asymptomatic ones, require regular cardiac follow-ups, including imaging and electrocardiographic procedures. Currently, the diagnosis of cardiac tumors relies almost exclusively on noninvasive imaging techniques: echocardiography, CT and/or MRI. The authors' observations confirm the fact that the most common cardiac tumor in children is rhabdomyoma, which may disappear spontaneously in the majority of patients over the long term. Most patients with cardiac tumors do not require treatment.
Limitations
As a retrospective study, the data collection was limited because of the long follow-up period. The available medical records were limited to those obtained as part of routine cardiac care at the authors' center.
